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(57) ABSTRACT

A display device includes a first substrate, a second substrate
facing the first substrate, a first electrode on the first substrate,
a pixel defining layer on the first substrate, the pixel defining
layer including an opening corresponding to the first elec-
trode, a light emission layer on the first electrode, a second
electrode on the light emission layer, a filler between the first
substrate and the second substrate, and scattering particles in
the filler, the scattering particles having an average particle
diameter that is less than a maximum height of the pixel
defining layer.
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1
DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2014-0027584, filed on
Mar. 10, 2014, in the Korean Intellectual Property Office, and
entitled: “Display Device,” is incorporated by reference
herein in its entirety.

BACKGROUND

1. Field

Embodiments relate to a display device.

2. Description of the Related Art

In general, flat or otherwise thin panel displays (FPDs)
such as liquid crystal displays and organic light emitting
diode displays may include opposed electric field generating
electrodes and an electro-optically active layer disposed to be
affected by correspondingly generated electric fields. In lig-
uid crystal displays, a liquid crystal layer may be included as
the electro-optically active layer, and in the case of organic
light emitting diode displays, an organic light emitting layer
may be included as the electro-optically active layer.

One of the opposed electric field generating electrodes may
be connected to a switching element so that it receives an
electrical signal on a selective basis. The electro-optically
active layer may covert the received electrical signal to a
corresponding optical signal and thereby display an image.

It is to be understood that this background of the technol-
ogy section is intended to provide useful background for
understanding the here disclosed technology and as such, the
technology background section may include ideas, concepts
or recognitions that were not part of what was known or
appreciated by those skilled in the pertinent art prior to cor-
responding effective filing dates of subject matter disclosed
herein.

SUMMARY

Embodiments are directed to a display device including a
first substrate, a second substrate facing the first substrate, a
first electrode on the first substrate, a pixel defining layer on
the first substrate, the pixel defining layer including an open-
ing corresponding to the first electrode, a light emission layer
on the first electrode, a second electrode on the light emission
layer, a filler between the first substrate and the second sub-
strate, and scattering particles in the filler, the scattering par-
ticles having an average particle diameter that is less than a
maximum height of the pixel defining layer.

The scattering particles may have an average particle diam-
eter of about 100 nm to about 20 um.

A difference between refractive indices of the filler and the
scattering particles may be about 0.03 to about 0.5.

The filler may include one or more of a silicone resin, an
epoxy resin, an acrylic resin, a polyimide resin, or a paraffin
resin.

The scattering particles may be polymer beads

The scattering particles may be polymer beads having a
glass transition temperature T, equal to or less than 120° C.,
and having a value of 10% K equal to or less than 500 kg/cm?.

The filler may include the scattering particles in an amount
of about 5% to about 40% of the total volume of the filler and
the scattering particles.

The scattering particles may include a material having a
low visible light absorption.
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The filler including the scattering particles may have an
outgas amount of about 500 ppm at a temperature of 100° C.

The second electrode may be on the pixel defining layer.

The filler may be between the second electrode and the
second substrate.

The display device may further include a black matrix on
the pixel defining layer.

The second electrode may be on the pixel defining layer
and the black matrix.

The black matrix may be spaced apart from the light emis-
sion layer.

The display device may further include a black matrix on
the second substrate in a position corresponding to the pixel
defining layer.

The display device may further include a color filter pattern
between parts of the black matrix.

The color filter pattern may include red, green, and blue
color filter patterns.

The filler may be between the black matrix and the second
electrode, and between the color filter pattern and the second
electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of skill in the art by
describing in detail example embodiments with reference to
the attached drawings in which:

FIG. 1 illustrates a schematic plan view showing a display
device according to a first example embodiment;

FIG. 2 illustrates an enlarged view of area A of FIG. 1;

FIG. 3 illustrates a cross-sectional view showing a display
area according to the first example embodiment, taken along
a line A-A' of FIG. 2, and also showing an area of a second
substrate illustrated in FIG. 1, which corresponds to the dis-
play area;

FIG. 4illustrates a schematic cross-sectional view showing
a first substrate, a second substrate, an organic light emitting
diode, and a filler including scattering particles;

FIG. 5 illustrates a view showing a degree of light refrac-
tion according to refractive index differences between a filler
and a scattering particle;

FIG. 6 illustrates a graph showing a refractive angle rela-
tive to an incidence angle of the scattering particle shown in
FIG. 5;

FIG. 7 illustrates a graph showing a change in color coor-
dinates with respect to viewing angles in a filler includes
scattering particles;

FIG. 8illustrates a schematic cross-sectional view showing
a first substrate, a second substrate, an organic light emitting
diode, and a filler including scattering particles according to
a second example embodiment;

FIG. 9illustrates a schematic cross-sectional view showing
a first substrate, a second substrate, an organic light emitting
diode, and a filler including scattering particles according to
a third example embodiment; and

FIG. 10 illustrates a schematic cross-sectional view show-
ing a first substrate, a second substrate, an organic light emit-
ting diode, and a filler including scattering particles according
to a fourth example embodiment.

DETAILED DESCRIPTION

Example embodiments will now be described more fully
hereinafter with reference to the accompanying drawings;
however, they may be embodied in different forms and should
not be construed as limited to the embodiments set forth
herein. Rather, these embodiments are provided so that this
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disclosure will be thorough and complete, and will fully
convey example implementations to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. Like
reference numerals refer to like elements throughout.

The spatially relative terms “below”, “beneath”, “lower”,
“above”, “upper”, and the like, may be used herein for ease of
description to describe the relations between one element or
component and another element or component as illustrated
in the drawings. It will be understood that the spatially rela-
tive terms are intended to encompass different orientations of
the device in use or operation, in addition to the orientation
depicted in the drawings. For example, in the case where a
device shown in the drawing is turned over, the device posi-
tioned “below” or “beneath” another device may be placed
“above” another device. Accordingly, the illustrative term
“below” may include both the lower and upper positions. The
device may also be oriented in the other direction, and thus the
spatially relative terms may be interpreted differently
depending on the orientations.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and should not be construed
as limiting. As used herein, the singular forms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. It will be further
understood that the terms “comprises,” “comprising,”
“includes,” and “including” when used in this specification,
specify the presence of mentioned component, step, opera-
tion, and/or element, but do not exclude the presence or
addition of one or more other components, steps, operations,
and/or elements.

Unless otherwise defined, all terms used herein (including
technical and scientific terms) have the same meaning as
commonly understood by those skilled in the art. It will be
further understood that terms, such as those defined in com-
monly used dictionaries, should be interpreted as having a
meaning thatis consistent with their meaning in the context of
the relevant art and will not be interpreted in an ideal or
excessively formal sense unless clearly defined in the present
specification.

Hereinafter, a display device according to a first example
embodiment will be fully described with reference to FIGS. 1
to 3. According to the first example embodiment, the display
device may be an organic light emitting diode (OLED) dis-
play or a liquid crystal display (LCD). Hereinafter, the OLED
display will be used as an example of the display device.

FIG. 1 illustrates a schematic plan view showing the dis-
play device according to the first example embodiment. FI1G.
2 illustrates an enlarged view of area A of FIG. 1. FIG. 3
illustrates a cross-sectional view showing a display area
according to the first example embodiment, taken along a line
A-A'ofFIG. 2, and also showing an area of a second substrate
illustrated in FIG. 1, which corresponds to the display area.

In the first example embodiment, referring to FIG. 1, the
OLED display 100 may include a first substrate 101, a second
substrate 201, and a sealing member 300. In an implementa-
tion, the first substrate 101 may be encapsulated by an encap-
sulation film, not by the second substrate 201.

The first substrate 101 may include an image displaying
area DA where an electronically-defined image may be dis-
played by light emission, and a non-displaying areca NDA
outside the image displaying area DA. An organic light emit-
ting diode (OLED), a thin film transistor (TFT) configured to
drive the OLED, lines, and the like may be disposed in the
image displaying area DA. The non-displaying area NDA
may include a pad area PA where a plurality of pad electrodes
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(not shown) are disposed to receive external signals to emit
light by the OLED and transmit the external signals to the
OLED.

Referring to FIGS. 2 and 3, the image displaying area DA
will be fully described below.

FIG. 2 illustrates an example of an active matrix (AM)
OLED display, which has a 2Tr-1Cap (two transistor—one
capacitor) structure having two TFTs 10 and 20 and one
capacitor 80 in one pixel of the image displaying area corre-
sponding to “DA” marked in FIG. 1. In another implementa-
tion, the OLED display may have three or more TFTs and/or
two or more capacitors in one pixel, or may be configured to
have various structures by further forming separate lines. In
some example embodiments, the pixel may be the smallest
unit that displays an image. The image displaying area DA
may display an image utilizing a plurality of pixels.

The first substrate 101 may include a switching TFT 10, a
driving TFT 20, a capacitor 80, and an OLED 70 per pixel.
The first substrate 101 may further include a gate line 151
extending in one direction, and a data line 171 and a common
power line 172 that are insulated from and cross (e.g., inter-
sect) the gate line 151.

Each pixel may be defined by the gate line 151, the data line
171, and the common power line 172 as a boundary.

The OLED 70 may include a first electrode 710, an organic
light emitting layer 720 on the first electrode 710, and a
second electrode 730 on the organic light emitting layer 720.
Each pixel may include at least one first electrode 710. The
first substrate 101 may include a plurality of first electrodes
710 spaced apart from each other.

The first electrode 710 may be an anode that is a hole
injection electrode, and the second electrode 730 may be a
cathode that is an electron injection electrode. In another
implementation, the first electrode 710 may be a cathode and
the second electrode 730 may be an anode depending on the
driving method of the OLED display.

Holes and electrons may be injected from the electrodes
into the organic light emitting layer 720. The injected holes
and electrons may be combined with each other to form an
exciton, and light may be emitted when the exciton falls from
an excited state to a ground state.

The capacitor 80 may include a pair of storage electrodes
158 and 178 with an insulating layer 160 interposed therebe-
tween. The insulating layer 160 may include a dielectric
material. A capacitance of the capacitor 80 may be deter-
mined by a charge stored (e.g., energy charged) in the capaci-
tor 80 and a voltage between the pair of storage electrodes 158
and 178.

The switching TFT 10 may include a switching semicon-
ductor layer 131, a switching gate electrode 152, a switching
source electrode 173, and a switching drain electrode 174.
The driving TFT 20 may include a driving semiconductor
layer 132, a driving gate electrode 155, a driving source
electrode 176, and a driving drain electrode 177.

The switching TFT 10 may act as a switching element
configured to select a pixel to emit light. The switching gate
electrode 152 may be coupled to the gate line 151. The
switching source electrode 173 may be coupled to the data
line 171. The switching drain electrode 174 may be spaced
apart from the switching source electrode 173 and may be
coupled to the first storage electrode 158.

The driving TFT 20 may apply driving power to the first
electrode 710 for light emission of the organic light emitting
layer 720 of the OLED 70 in a selected pixel. The driving gate
electrode 155 may be coupled to the first storage electrode
158 that is coupled to the switching drain electrode 174. The
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driving source electrode 176 and the second storage electrode
178 may each be coupled to the common power line 172.

The driving drain electrode 177 may be coupled to the first
electrode 710 of the OLED 70 through a contact hole 181.

With the above-described structure, the switching TFT 10
may be driven by a gate voltage applied to the gate line 151 to
transmit a data voltage applied to the data line 171 to the
driving TFT 20.

A voltage corresponding to a difference between a com-
mon voltage applied from the common power line 172 to the
driving TFT 20 and the data voltage transmitted from the
switching TFT 10 may be stored in the capacitor 80, and a
current corresponding to the voltage stored in the capacitor 80
may flow to the OLED 70 through the driving TFT 20, so that
the OLED 70 emits light.

Referring to FIGS. 2 and 3, the image displaying area DA
according to example embodiments will be further described
below.

FIG. 3 illustrates the OLED 70, the driving TFT 20, the
capacitor 80, the data line 171, and the common power line
172. The switching semiconductor layer 131, the switching
gate electrode 152, the switching source electrode 173, and
the switching drain electrode 174 of the switching TFT 10
may have the same laminated structure as the driving semi-
conductor layer 132, the driving gate electrode 155, the driv-
ing source electrode 176, and the driving drain electrode 177
of'the driving TFT 20, respectively, and thus further descrip-
tion thereof will not be provided below.

The first substrate 101 may be an insulating substrate
including, e.g., glass, quartz, ceramic, plastic, etc. The first
substrate 101 may also be a metal substrate made of stainless
steel, etc.

A buffer layer 120 may be disposed on the first substrate
101. The buffer layer 120 may prevent infiltration of undesir-
able elements such as impurities and moisture, and may pro-
vide a planar surface. The buffer layer 120 may be made of a
suitable material for planarizing and/or preventing infiltra-
tion. For example, the buffer layer 120 may include one or
more of silicon nitride (SiN,), silicon oxide (Si0,), or silicon
oxynitride (SiO,N,). In an implementation, the buffer layer
120 may be omitted depending on kinds and process condi-
tions of the first substrate 101.

The driving semiconductor layer 132 may be disposed on
the buffer layer 120 of the image displaying area DA. The
driving semiconductor layer 132 may be made of one or more
of, e.g., polycrystalline silicon, amorphous silicon, or an
oxide semiconductor. The driving semiconductor layer 132
may include a channel area 135 that is not doped with impu-
rities, and p+ doped source and drain areas 136 and 137 on the
respective sides of the channel area 135. In this case, p-type
impurities such as boron B may be used as dopant ions. For
example, B,H; may be used. Such impurities may vary
depending on kinds of the TFTs.

A gate insulating layer 140 including, e.g., silicon nitride
(SiN,) or silicon oxide (SiO,) may be disposed on the driving
semiconductor layer 132. The gate insulating layer 140 may
include one or more of, e.g., tetraethyl orthosilicate (TEOS),
silicon nitride (SiN,), or silicon oxide (SiO,). In an imple-
mentation, the gate insulating layer 140 may have a double
layer structure in which a silicon nitride layer having a thick-
ness of about 40 nm and a TEOS layer having a thickness of
about 80 nm are sequentially laminated.

The driving gate electrode 155, the gate line 151, and the
first storage electrode 158 may be disposed on the gate insu-
lating layer 140. The driving gate electrode 155 may be dis-
posed to overlap at least a part of the driving semiconductor
layer 132, for example, the channel area 135 in particular. The
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driving gate electrode 155 may serve as a mask to prevent the
channel area 135 from being doped with impurities when the
source and drain areas 136 and 137 of the driving semicon-
ductor layer 132 are doped with the impurities in the process
of forming the driving semiconductor layer 132.

The driving gate electrode 155 and the first storage elec-
trode 158 may be disposed on the same layer, and may include
substantially the same metal material. The metal material
may include, e.g., one or more of molybdenum (Mo), chro-
mium (Cr), or tungsten (W). For example, the driving gate
electrode 155 and the first storage electrode 158 may be made
of molybdenum (Mo) or molybdenum-based alloys.

The insulating layer 160 may cover the driving gate elec-
trode 155 and may be disposed on the gate insulating layer
140. The insulating layer 160 may be an interlayer insulating
layer. The insulating layer 160 may be made of, e.g., silicon
nitride (SiN,) or silicon oxide (Si0O,) like the gate insulating
layer 140. The gate insulating layer 140 and the insulating
layer 160 may include a contact hole to expose the source and
drain areas 136 and 137 of the driving semiconductor layer
132.

The driving source electrode 176, the driving drain elec-
trode 177, the data line 171, the common power line 172, and
the second storage electrode 178 may be disposed on the
insulating layer 160 of the image displaying area DA. The
driving source electrode 176 and the driving drain electrode
177 may be respectively coupled to the source and drain areas
136 and 137 of the driving semiconductor layer 132 through
the contact hole.

Inexample embodiments, the driving source electrode 176,
the driving drain electrode 177, the data line 171, the common
power line 172, and the second storage electrode 178 may be
made of at least one refractory metal, e.g., molybdenum,
chromium, tantalum, or titanium, or an alloy thereof, and may
have a multilayer structure that includes a refractory metal
layer and a low resistance conductive layer. Examples of the
multilayer structure may include a double layer including a
chromium or molybdenum (or an alloy thereof) lower layer
and an aluminum (or an alloy thereof) upper layer, and a triple
layer including molybdenum (or an alloy thereof) lower layer,
aluminum (or an alloy thereof) intermediate layer, and
molybdenum (or an alloy thereof) upper layer. The driving
source electrode 176, the driving drain electrode 177, the data
line 171, the common power line 172, and the second storage
electrode 178 may be made of various conductive materials
instead of, or in addition to, the above-described materials.

A protective layer 180 may cover the driving source elec-
trode 176, the driving drain electrode 177, and the like, and
may be disposed on the insulating layer 160. The protective
layer 180 may be made of an organic material, e.g., a poly-
acryl, a polyimide, etc. The protective layer 180 may be a
planarization layer. The protective layer 180 may be made of
one or more of, e.g., a polyacrylate resin, an epoxy resin, a
phenolic resin, a polyamide resin, a polyimide resin, an unsat-
urated polyester resin, a polyphenylene ether resin, a
polyphenylene sulfide resin, or benzocyclobutene (BCB).
The protective layer 180 may include a contact hole 181 that
exposes the driving drain electrode 177.

The first electrode 710 may be disposed on the protective
layer 180, and the first electrode 710 may be coupled to the
driving drain electrode 177 through the contact hole 181 of
the protective layer 180.

A pixel defining layer 190 may be configured to cover the
first electrode 710 and may be disposed on the protective
layer 180. The pixel defining layer 190 may include a first
opening 199 to expose the first electrode 710. The first elec-
trode 710 may be disposed to correspond to the first opening
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199 of the pixel defining layer 190. The pixel defining layer
190 may be made of one or more of a polyacrylate resin, a
polyimide resin, etc.

The second substrate 201 may be bonded and sealed to the
first substrate 101 with the OLED 70 interposed therebe-
tween. The second substrate 201 may be configured to cover
the TFTs 10 and 20 and the OLED 70 on the first substrate 101
s0 as to seal them from the outside for protection. The second
substrate 201 may generally be an insulating substrate includ-
ing glass or plastic.

A filler 30 may be disposed between the first and second
substrates 101 and 201. The filler 30 may include scattering
particles 40. Further description of the filler 30 and the scat-
tering particles 40 will be provided below with reference to
FIGS.4to0 7.

The organic light emitting layer 720 may be disposed on
the first electrode 710 in the first opening 199 of the pixel
defining layer 190, and the second electrode 730 may be
disposed on the pixel defining layer 190 and the organic light
emitting layer 720.

The OLED 70 including the first electrode 710, the organic
light emitting layer 720, and the second electrode 730 may be
formed as described above.

In an implementation, any one of'the first electrode 710 and
the second electrode 730 may include a transparent conduc-
tive material, and the other may include a transtlective or
reflective conductive material. According to kinds of materi-
als included in the first electrode 710 and the second electrode
730, the OLED display 100 may be classified as a top-emis-
sion type, a bottom-emission type, or a dual-emission type.

The transparent conductive material may include one or
more of, e.g., indium tin oxide (ITO), indium zinc oxide
(IZ0), zinc oxide (ZnO), or indium oxide (In,O,). The reflec-
tive material may include one or more of, e.g., lithium (L),
calcium (Ca), lithium fluoride/calcium (LiF/Ca), lithium
fluoride/aluminum (LiF/Al), aluminum (Al), silver (Ag),
magnesium (Mg), or gold (Au).

The organic light emitting layer 720 may include a low
molecular weight organic material or a high molecular weight
organic material. The organic light emitting layer 720 may
have a multilayer structure including a light emission layer
and one or more of a hole injection layer (HIL), a hole trans-
porting layer (HTL), an electron transporting layer (ETL), or
an electron injection layer (EIL). For example, the hole injec-
tion layer (HIL) may be disposed on the first electrode 710
serving as an anode, and the hole transporting layer (HTL),
the light emission layer, the electron transporting layer
(ETL), and the electron injection layer (EIL) may be sequen-
tially laminated on the hole injection layer (HIL).

The organic light emitting layer 720 may be disposed, e.g.,
only in the first opening 199 of the pixel defining layer 190. In
another implementation, at least one layer of the multilayer
organic light emitting layer 720 may be disposed not only on
the first electrode 710 in the first opening 199 of the pixel
defining layer 190, but also between the pixel defining layer
190 and the second electrode 730. In example embodiments,
the hole injection layer (HIL), hole transporting layer (HTL),
electron transporting layer (ETL), and electron injection
layer (EIL) of the organic light emitting layer 720 may be
disposed on a part other than the first opening 199, e.g., using
an open mask, and the light emission layer of the organic light
emitting layer 720 may be disposed in the respective first
openings 199, e.g., using a fine metal mask (FMM).

In the case of a liquid crystal display (LCD), the first
electrode 710 may be physically and electrically connected to
the driving drain electrode 177 through the contact hole 181,
and may receive a data voltage from the driving drain elec-

10

15

20

25

30

35

40

45

50

55

60

65

8

trode 177. An electric field may be generated by the first
electrode 710 receiving the data voltage in conjunction with
the second electrode (common electrode; not shown) receiv-
ing acommon voltage, and may thereby determine a direction
of liquid crystal molecules of a liquid crystal layer (not
shown) between the two electrodes. The first electrode 710
and the second electrode may form a capacitor (hereinafter
referred to as a “liquid crystal capacitor”) so as to maintain the
applied voltage after a thin film transistor is turned off.

A display device with the filler 30 including the scattering
particles 40 will now be described in detail with reference to
FIGS.4to0 7.

FIG. 4illustrates a schematic cross-sectional view showing
the first substrate, the second substrate, the OLED, and a filler
including scattering particles. FIG. 5 illustrates a view show-
ing a degree of light refraction according to refractive index
differences between the filler and the scattering particle. FIG.
6 illustrates a graph showing a refractive angle relative to an
incidence angle of the scattering particle shown in FIG. 5.
FIG. 7 illustrates a graph showing a change in color coordi-
nates with respect to viewing angles in the case of arranging
the filler including the scattering particles.

Referring to FIG. 4, the filler 30 including the scattering
particles 40 may be disposed between the first and second
substrates 101 and 201. The scattering particles 40 may be
dispersed in the filler 30. For example, the scattering particles
40 may be about 5% to about 40% with respect to the total
volume of the filler 30 and the scattering particles 40.

The scattering particles 40 may have high dispersion sta-
bility by being well mixed with the filler 30, and may have an
average particle size, e.g., an average particle diameter, that
does not cause damage to inner elements. In the case where
the scattering particles 40 are in contact with an inner ele-
ment, the scattering particles 40 may have low hardness and
suitable physical properties so as not to cause damage to the
inner element, e.g., damage from changing a shape of the
inner element. The scattering particles 40 may have a refrac-
tive index different from the filler 30.

Referring to FIG. 4, a degree of dispersion, an average
particle size, and a material of the scattering particles 40 will
be described below.

In FIG. 4, “a” represents a distance between the first and
second substrates 101 and 201, “b” represents a height of the
pixel defining layer 190, and “c” represents a distance
between the pixel defining layer 190 and the second substrate
201. The scattering particles 40 may have an average particle
diameter that is much smaller than the distance “a” The
scattering particles 40 may be smaller in size than at least the
distance “b.”” In an implementation, the space between the
first and second substrates 101 and 201 may be minimized
such that the distance “c” is 0.

As the average particle diameter of the scattering particle
40 becomes smaller, it is advantageous that the scattering
particle 40 is less likely to be in contact with inner elements
such as the organic light emitting layer 720. However, in the
case where the average particle diameter of the scattering
particle 40 is very small, a degree of dispersion may be
lowered and light scattering effects may vary depending on
specific light wavelengths (Mie scattering). Accordingly, the
scattering particle 40 may have an average particle diameter
of'about 100 nm to about 20 um. In the case of the scattering
particle 40 with an average particle diameter of about 100 nm
to about 20 um, the degree of dispersion and light scattering
effect of the scattering particle 40 may increase.

Materials of the scattering particle 40 and the filler 30 may
have similar specific gravity and may have similar chemical
properties to each other for dispersion stability. The filler 30
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may include an organic material. For instance, the filler 30
may include one or more of a silicone resin, an epoxy resin, an
acrylic resin, a polyimide resin, or a paraffin resin.

When an inorganic particle is used as the scattering particle
40, the scattering particle 40 may cause damage due to physi-
cal contact with the OLED 70. Accordingly, according to the
present example embodiment, the scattering particle 40 may
be made of a soft material that does not affect or damage the
OLED 70. For example, the scattering particle 40 may
include soft polymer beads. The soft polymer bead may be a
spherical particle exhibiting elastic-plastic behavior. For
example, the scattering particle 40 may include at least one
organic polymer material such as acrylic, silicone, vinyl poly-
mers, and the like.

Interms of sofiness, the soft polymer bead may have a glass
transition temperature T, equal to or less than 120° C., a value
0f10% K equal to or less than 500 Kg/cm?, and a compressive
fracture strength of 10 kg/mm?. As the value of T, decreases,
the soft polymer bead may have higher plasticity. The value of
10% K refers to a strength for 10% compression of the bead.
As the value of 10% K becomes lower, higher plasticity may
be exhibited. As the compressive fracture strength decreases,
the plasticity of the soft polymer bead may increase. Accord-
ing to the present example embodiment, the soft polymer
bead may be in a soft state that does not affect the OLED 70.

The filler 30 and the scattering particle 40 may be refined so
as not to have an effect on the OLED 70, e.g., the filler 30 and
the scattering particle 40 may be sufficiently refined, or
degassing may be performed to remove gases from the filler
30 and the scattering particle 40. For instance, the filler 30 and
the scattering particle 40 may be refined at 100° C., which
may result in outgassing equal to or less than 500 ppm.

The scattering particle 40 may include a material having a
low visible light absorption. In other words, the scattering
particle 40 may include a material that absorbs less visible
light emitted by the organic light emitting layer 720 in order
to prevent luminance reduction caused by the scattering par-
ticle 40. The visible light absorption of the material is about
0.1% to about 8%. So, the visible light absorption of the
scattering particle 40 is about 0.1% to about 8%.

The scattering particle 40 is illustrated as being round in
FIGS. 3 and 4, but the scattering particle 40 may have various
suitable shapes that produce effective dispersion degree and
light refraction.

A light scattering effect may not vary depending on each
refractive index of the filler 30 and the scattering particle 40
but may depend on the difference in the refractive indices
between the filler 30 and the scattering particle 40, as
described below with reference to FIGS. 5 and 6. The light
scattering effect may be exhibited when the refractive index
difference is 0.03 or more. Light scattering may occur when
there is a refractive index difference between the filler 30 and
the scattering particle 40, and the refractive index difference
may range from, for example, about 0.03 to about 0.5.

Referring to FIG. 5, light refraction may occur because of
different refractive indices of two media when light escapes
from the center of a sphere and passes through the spherical
structure according to general principles of light refraction,
such as Snell’s law. In this case, a refraction angle of the light
may become larger as the distance from the center of the
sphere increases. Whether the refracted light is dispersed or
collected may depend on refractive indices of surrounding
media and the scattering particle. The left side Al of FIG. 5
shows light dispersion when the surrounding medium has a
higher refractive index than the scattering particle. The right
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side A2 of FIG. 5 shows light collection when the scattering
particle has a higher refractive index than the surrounding
medium.

Referring to FIG. 6, it was confirmed experimentally that
light is refracted when the refractive index difference between
two different materials is about 0.05. As shown in A1 and A2,
light may be refracted at a larger refraction angle relative to an
incidence angle as each distance from the centers of the two
different materials increases. In other words, light may be
refracted at a greater refraction angle when it passes through
aparticle farther from the center of the particle. Thus, if there
is a refractive index difference between the filler 30 and the
scattering particle 40, light scattering may occur, regardless
of the specific refractive indices of the filler 30 and the scat-
tering particle 40.

Referring to FIG. 7, relative to a comparative change in
color coordinates according to a viewing angle, a change in
color coordinates may be reduced by 30% in a display accord-
ing to example embodiments which utilizes the filler 30
including the scattering particle 40.

When large numbers of scattering particles 40 are included
in the filler 30, luminance of a display device may decrease.
Therefore, the amount of scattering particles 40 may range
from about 5% to about 40% with respect to the total volume
of the filler 30 and the scattering particle 40. The number or
concentration of scattering particles 40 may be determined or
adjusted by considering a reduction effect of a change in color
coordinates and luminance of a display device.

When the filler 30 including the scattering particles 40 is
used ina display device, it may be desirable to reduce ambient
light reflection more than is provided by use of a phase dif-
ference method using a polarizing film. Therefore, a display
device according to example embodiments may further
include a black matrix and a color filter pattern to reduce
ambient light reflection. Additional example embodiments
will be provided below with reference to FIGS. 8 to 10.

FIG. 8illustrates a schematic cross-sectional view showing
a first substrate, a second substrate, an OLED, and a filler
including scattering particles according to a second embodi-
ment. FIG. 9 illustrates a schematic cross-sectional view
showing a first substrate, a second substrate, an OLED, and a
filler including scattering particles according to a third
embodiment. FIG. 10 illustrates a schematic cross-sectional
view showing a first substrate, a second substrate, an OLED,
and a filler including scattering particles according to a fourth
embodiment.

Referring to FIG. 8, a black matrix 50 may be disposed on
a pixel defining layer 190. The black matrix 50 may be con-
figured to block unnecessary light when an image is dis-
played. For example, the black matrix 50 may have a dielec-
tric constant of about 3.0 or less and may be made of a black
material with high thermal resistance and chemical resis-
tance. The black matrix 50 may have a color with a low
lightness value that is nearly black. The material which has a
low lightness value near black may be particularly effective in
blocking light.

Referring to FIG. 9, a black matrix 210 may be disposed on
a second substrate 201 in a position corresponding to a pixel
defining layer 190.

Referring to FIG. 10, color filter patterns 220 may be
disposed between black matrices 210. The color filter patterns
220 may be configured to provide light transmitted through
each pixel with colors. The color filter patterns 220 may
include a first color filter pattern 221, a second color filter
pattern 222, and a third color filter pattern 223. The first,
second, and third color filter patterns 221, 222, and 223 may
be red, green, and blue color filter patterns, respectively. The
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color filter patterns 220 may further include different colors in
addition to, or instead of, the above colors. For example, a
white color filter pattern may be further included. The black
matrix 210 may be configured to prevent color mixture
caused between the color filter patterns 220.

By way of summation and review, among flat panel dis-
plays, organic light emitting diode displays are self-emissive.
In some displays, brightness may be slightly reduced depend-
ing on viewing angles. A resonance structure may be intro-
duced to improve light extraction efficiency. However, such a
structure may result in changes in color coordinates accord-
ing to a viewing angle. In order to decrease the change of the
color coordinates, a film having a pattern structure may be
utilized but consideration should be given to the cost of the
film having the pattern structure. In order to decrease the
change of the color coordinates, scattering particles may be
utilized but consideration should be given to the possibility
that the scattering particles may damage elements inside the
display device.

Example embodiments are directed to a display device
including a filler including scattering particles. The display
device may reduce or prevent color coordinates from chang-
ing with viewing angles. Thus, a separate pattern film may not
be required, and costs may be reduced.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. A display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a first electrode on the first substrate;

apixel defining layer on the first substrate, the pixel defin-
ing layer including an opening corresponding to the first
electrode;

a light emission layer on the first electrode;

a second electrode on the light emission layer;

a filler between the first substrate and the second substrate,
the filler being directly on the second electrode and over
the pixel defining layer;

scattering particles in the filler, the scattering particles
having an average particle diameter that is less than a
maximum height of the pixel defining layer; and

a black matrix between the pixel defining layer and the
second electrode.

2. The display device as claimed in claim 1, wherein the
scattering particles have an average particle diameter of about
100 nm to about 20 um.

3. The display device as claimed in claim 1, wherein a
difference between refractive indices of the filler and the
scattering particles is about 0.03 to about 0.5.
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4. The display device as claimed in claim 1, wherein the

filler includes one or more of a silicone resin, an epoxy resin,
an acrylic resin, a polyimide resin, or a paraffin resin.

5. The display device as claimed in claim 1, wherein the
scattering particles are polymer beads, and the scattering

particles are polymer beads having a glass transition tempera-
ture T, equal to or less than 120° C., and having a value of

10% K equal to or less than 500 kg/cm?.
6. The display device as claimed in claim 1, wherein the

filler includes the scattering particles in an amount of about

5% to about 40% of the total volume of the filler and the
scattering particles.

7. The display device as claimed in claim 1, wherein the
scattering particles include a material having a low visible

light absorption.

8. The display device as claimed in claim 1, wherein the

filler including the scattering particles has an outgas amount
of'about 500 ppm at a temperature of 100° C.

9. The display device as claimed in claim 1, wherein the
second electrode is on the pixel defining layer.

10. The display device as claimed in claim 9, wherein the
filler is between the second electrode and the second sub-
strate.

11. A display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a first electrode on the first substrate;

a pixel defining layer on the first substrate, the pixel defin-
ing layer including an opening corresponding to the first
electrode;

a light emission layer on the first electrode;

a second electrode on the light emission layer;

a filler between the first substrate and the second substrate,
the filler being present between the first substrate and the
second substrate over an uppermost surface of the pixel
defining layer;

scattering particles in the filler, the scattering particles
having an average particle diameter that is less than a
maximum height of the pixel defining layer; and

a black matrix between the pixel defining layer and the
second electrode.

12. A display device, comprising:

a first substrate;

a second substrate facing the first substrate;

a first electrode on the first substrate;

a pixel defining layer on the first substrate, the pixel defin-
ing layer including an opening corresponding to the first
electrode;

a black matrix in a position corresponding to the pixel
defining layer;

a color filter pattern between parts of the black matrix;

a light emission layer on the first electrode;

a second electrode on the light emission layer;

a filler between the first substrate and the second substrate;

scattering particles in the filler, the scattering particles
having an average particle diameter that is less than a
maximum height of the pixel defining layer; and

a black matrix between the pixel defining layer and the
second electrode.
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